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Ea for uncatalysed reaction 


THE ARRHENIUS EQUATION (1889) 
8(C]/61 = A * e UAEg/RT) 


Activation energies for the 
steps of a catalysed reaction 


reactants 







АН for both 
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Why Not Solve the Problem when ARRHENIUS 
Equation gives the ANSWER % 


° Corrosive’Sulohur = ACTIVE Sulphur. 


е ACTIVE Sulphur sedan Lubrication for 
almost a Century. 


Utilizing The Temperature Selectivity 
Obtained by Choosing Different Organic 
sulphur Containing Molecules. 
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Potentially Corrosive ADDITIVE 
DBDS Discovered 





® Fabio Scattigio et al. of Terna Italy found 
DBDS in the Oil (2006). 


® |15 presence in the oil was- The common 
factor for a series of 120 reactors which 
failed at a rate of 20 per annum. 
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CONDITIONS? 


Sulphidation is EVIDENCE that Required CONDITIONS 
fo create Sulphidation are present. 


Вот Conditions are Governed-by Design I.e. are 
defined by the Manufacturer 
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LOCATION of the FAILURE ? 


A LOCAL WEAKNESS in the SOLID dielectric 
insulation in combination with high electrical 
stress I.e. the 


CELLULOSE DI-ELECTRIC. STRENGTH 
COLLAPSE 


DEFINITIONS 


° INHIBITOR: a substance capable of stopping or retarding a 
chemical reaction. 


Consequently the.reaction will be retarded or stopped as long as 
the inhibitor is present in sufficient concentration. 


е ANTIOXIDANT: Asobstance that, when present at a lower 
concentration than that of-thecoxidizable substrate, significantly 
inhibits or delays oxidative processes, while being Itself oxidized. 


In primary antioxidants, antioxidative-activity is implemented by 
the donation of an electron or hydrogen:/gdtom to a radical 
derivative. 


In secondary antioxidants by the removal of an oxidative catalyst 
and the consequent prevention of the initiation of oxidation. 


е PASSIVATOR: definition NOT found in Chemistry Dictionaries. 


V P diagnose 
шие” 








DEFINON © ت‎ 


= CATALYTICAELY 
E RELATED PHENOMENA. 


Consequently: an OIL CAN NEVER BE PASSIVATED. 
(BECAUSE it is not a metal àna | ˆ surface) 
OLY SICAL 
GE CA 


е PASSIVATION: is o META 
ACTIVE-SURFACE SURFA > 





PETER ATKINS Qa: onli 
Notes on good practice <; | аға 


Science is а precise activity and its language should be 1056077 
accurately. We have used this feature to help encourage the use 
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THE FUNCTION OF DBDS 


° Allow temperatures if ADHERES to the metal се 
and passivates it. REVERSIBLE! 


° At elevated temperatures if REACTS with metal 
surface and form a sulphide. IRREVERSIBLE! 


The Surface is Passivated i.e. DBDS isxa SECONDARY 
ANTIOXIDANT and a PASSIVATOR. 





° Its HISTORICAL use is to MANIPULATE the OXIDATION 
STABILITY TEST. 
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How Frequent апа How Dangerous is DBDS¢ 


Dibenzyl disulfide 


e > 13500 transformers tested іп Sweden. 
° < 7/5 % contain DBDS. 
® DBDS found back to 1965 vintage drx. 


e None had failed. 
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RESEARCH: DBDS AND ВНТ, 
DBDS AND IRGAMET 39 


° DBDS isan ANTIOXIDANT by PASSIVATING 
CATALYTICALLY ACTIVE COPPER 
SURFACES such as COPPER. 


e BHT is on ANTIOXIDANT by ` ` wilh 
ORGANIC OXYGEN CONTAINING-RADICALS. 


° BIA is BELIEVED by many TO BE a PASSIVATOR 
BECAUSE THE WORD PASSIVATOR IS ÜSED 


for it. 
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SULFIDATION CORROSION INHIBITION 


е DBDS corrosion process involves RADICALS. 
e BHT radicals react with DBDS radicals. 


Why not inhibit DBDS radical reactions by 
BHT radicals? 


RESEARCH REVIEWED BY THIRD PARTY (UNIVERSITY). 
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PROJECT AIMS & RESEARCH PROGRAM 


1. To shew that BHT has a positive effect on the rate of copper sulphidation 
induced by. DBDS . 


2. To show that BHT/has no or very little effect when copper sulphidation is 
already a fact i.e. imitating the conditions in a real transformer where 
attack has taken place.1.e;that remedies are not 


е BHT & DBDS concentration in oll. 
е Copper & Sulphur Concentration in oil and іп eellulose. 


e Scanning Electron Microscope inspection of selected/specimens, both 
cellulose and conductor. 


е Glow Discharge Optical Emission Spectroscopy (GD-OES) for selected. 
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RESULTS: 


®! BHI inhibits effect of DBDS to some degree. 





RESEARCH REVIEWED BY THIRD PARTY (UNIVERSITY). 
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RESULTS: 


No ome garane i un ?re-sulphidation/corrosion 12 days @ 150 C, 
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RESULTS/CONCLUSIONS: 


All TESTING must be performed in OXYGEN PRESENCE. 


SEALED VIAL test EXCEEDING 20 тіп 150 C will 
present ERRONEOUS RESULIS. 


> 99% of all reported resedrch/is.based on sealed 
vials/vessels testing I.e. OXYGEN NOT PRESENT i.e. 
ERRONEOUS TESTING/ RESULIS/CONCLU- 
SIONS/ INTERPRETATION. 


IMPORTANT RESULT: VERIFICATION 
T CCD-TEST IS MISLEADING 


(СОХ PYRE RNRHETRR DEPOSITION) 


@ 
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E.g. Chlorine and Ce 
Phosphorous attack have 7# 
been interpreted as 

Corrosive Sulfur attack. 
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‚ SULPHIDATION is like every CHEMICAL PROCESS: 


If conditions are favourable ГОГ q Жабыла ІП 


500,000 
years ole 
crystals 





From: http://channel.nationalgeographic.com/episode/giant-crystal-cave-3569/cave-crystal-giants-1#tab-facts 
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Do Corrosive Sulfur Remedies exist € 


А WEAK Design is Always a WEAK Design. 
^ WEAK DESIGN, BAD OPERATING Parameters is 


0 very bad combination. 


A WEAK DESIGN + BAD OPERATING Parameters + 
DBDS in the oil = WORST POSSIBLE 
COMBINATION. 


Definitions 


е PASSIVATOR: definition NOT found in Chemistry 


Dictionaries. 


° DEFINITION: RENDERING a SUBSTANCE INACTIVE 
or INERT by CHEMICAL ACTION, 


e PASSIVATION of a CATALYST is called CATALYST 
POISONING. м 
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Copper Corrosion Inhibitors. А re 
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The literature dealing with the electrochemical corrosion of copper and possibility of its prevention 
using inhibitors is-examined. Inorganic compounds are investigated as well, but organic compounds 
and their derivatives inemuch greater numbers. Researches are directed to influence of compounds 
structure, concentration, method of application as well as media that inhibitor is used in on inhibition 
efficiency. Moreover, action mechanisms.are studied. The attempts to find models, which can enable 
prediction of possibilities of newly synthesized compounds to act as corrosion inhibitors, combining 
theory and practical investigations of substances. with similar structure are also significant. 


Keywords: Copper, corrosion, inhibitors 


1. INTRODUCTION 


Copper is metal that has a wide range of applications due to its good properties. It is used in 
electronics, for production of wires, sheets, tubes, and also to form alloys. Copper is resistant-toward 
the influence of atmosphere and many chemicals, however, it 15 known that in aggressive media it 1s 


susceptible to corrosion. The use of copper corrosion inhibitors in such conditions is necessary since 


no protective passive layer can be expected. The possibility of the copper corrosion prevention has 





attracted many researchers so until now numerous possible inhibitors have been investigated. Amongst 
them there are inorganic inhibitors [1], but in much greater numbers there are organic compounds and 
their derivatives such as azoles [2-49], amines [50-56], amino acids [57, 58] and many others. It is 


noticed that presence of heteroatoms such as nitrogen, sulphur, phosphorous in the organic compound 





d orbitals in copper atom that form coordinative bonds with atoms able to donate electrons. Interaction 
with rings containing conjugated bonds, т electrons, is also present. Based on these results more and 
more compounds containing numerous heteroatoms and functional groups are developed synthesized 
since it is noticed they are responsible for good properties regarding corrosion inhibition because they 
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Dell Т. | 


° PASSIVATION: is a METAL or 


CATALYTICALLY ACTIVE SURFACE SURFACE 
RELATED PHENOMENA. 


CONSEQUENTLY: AN OIL CAN NEVER BE PASSIVATED. (IT 
IS NOT A METAL AND HAS NO DERI (ED AAD O~EI 
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Notes on good practice 


Science is a precise activity and its language should zx uséa 
accurately. We have used this feature to help encourage the use 
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Copper Pr 


‘THE REDUCTION ОЕ COPPER 
OxIDE By CARBON MONOXIDE 
AND THE CATALYTIC OXIDATION 

OF CARBON MONOXIDE IN 

PRESENCE OF COPPER AND OF 

COPPER OXIDE 


° GASES ADHERE TO METAL 
G.C Bond “Catalysis oy Metals" , 


CONSEQUENCE: COPPER Wz 
INDUSTRIAL COMMERCIAL O 


Howard Algerno 


COPPER IS THE MOST COMMON C 
PRODUCTION TODAY. 
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Passivation of metals: 
BTA project background & scope. 


е STATED (BY LA) TOBEJIMPOSSIBLE AT GCC-CIGRÉ DUBAI 2007. 


е REASON BEING ВТА S STRONG.SENSITIVITY TO ELEVATED 
TEMPERATURE IN OXYGEN PRESENCE I.E. TO OXIDATION. 


е HOW TO PROVE NON-FUNCTION WHEN THE INTERNATIONAL 


METHOD USED TO PROVE ITS FUNCTION IS PROFOUNDLY 
WRONG? (NO OXYGEN PRESENT). 
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Method 


USE CCD! (FAV OURING STABILITY OF BTA) 


USE THE ONLY PARAMETER THAT IMITATES REAL 
OPERATION! TIME 


DECREASE TEMPERATURE. 





VP ciasnose RESEARCH REVIEWED BY THIRD PARTY (UNIVERSITY). 


Research: ВТА and DBDS 


e TWO CASES: 


1. PRE-CORRODED (IMITATING ADDITION 
AFTER LONG TRANSFORMER USE) 


2. BLANK (IMITATINGAPDITION AT 
COMMISSIONING) 


e TWO TEMPERATURES (120? & 150° CELSIUS) 


VP ciasnose RESEARCH REVIEWED BY THIRD PARTY (UNIVERSITY). 
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Materials selection 


® EXTRUDED (i.e. not drawn) COPPER. 


e BASE OIL NEXBASE 7010 i.e. fully saturated 
stable and NO SULPHUR. 


e IRGAMET 39. COMMERCIAL GUALITY. 


e DBDS. LAB QUALITY. 
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Copper and sulphur in cellulose trends 
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Visual inspection: 






Cellulose sample @ /2h 120? ° Celsius and no Cellulose sample @ 1680h 120? ° Ce vw nd no 
pre-corrosion. Vague "stains" can be observed pre-corrosion. Clear “stains” are obse е f) - 
лат 
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Glow discharge optical emission spectroscopy 


GD-OES 


1680h @ 120 Celsius, no Pre-corrosion by DBDS 









72@ 150C No Precorrosion 
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surface. Apart from that the expected elements oxygen, to reaction condition for short time but тбгеҖеуеге. This 
sulphur and copper are found. The protective oxide layer indicates that long term changes are to be/expected despite 


remains intact but sulphur is increasing. low temperature. 
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TWO Hypotheses vertied. 


® THE HYPOTHESIS THAT CLASSICAL CHEMISTRY IS 
STILL CORRECT WAS VERIFIED BY THIS PROJECT. 





® BIA AND ITS DERIVATIVES ARE NOT COPPER 
PASSIVATORS AND CONSEQUENTLY DOES NOT 
FUNCTION IN TRANSFORMERS. 


Instead ВТА isa COPPER CORROSION INHIBITOR os stated by 
the COPPER PRODUCTION INDUSTRY. 7 


VP. RESEARCH REVIEWED BY THIRD PARTY (UNIVERSITY). 
—_ SS 


i Thank You for Your Attention. 


F YOU HAVE ÁNY-QUESTIONS PLEASE 
SPEAK VERY LOAD, AND CLEAR! 
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